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ABSTRACT
This study seeks to integrate recent advances in machine learning and pattern recognition disciplines with physicsbased reasoning to develop a novel, accurate, field-calibrated computational platform for in-situ monitoring and
damage detection of civil infrastructure under service loading and wind loading. Physics-informed machine learning
models are developed to detect the existence, location, and severity of damage using video recordings of in-service
structures. The procedure enables non-contact, full-field measurement of structural response with a high
spatiotemporal resolution, enabling cost-effective monitoring of structures for which traditional sensor-based
structural health monitoring technologies are often cost-prohibitive or impractical to implement. Proof-of-concept
was demonstrated using available experimental data. Future studies will use the video-monitoring tool to monitor
wind-loaded structures which are impractical for traditional sensor-based technologies.
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1. INTRODUCTION
The most recent Infrastructure Report Card released by the American Society of Engineers in 2021
ranks the overall condition of the United States infrastructure as C-, with some categories scoring
as low as D- and no category considered to be meeting capacity needs for the future (ASCE, 2021).
The investment required to earn a grade indicating good to excellent condition for each
infrastructure category has increased from $2.1 trillion in 2017 (ASCE, 2017) to nearly $2.59
trillion. Failure to address these infrastructure inadequacies will ultimately make utilities
unreliable, increase the cost to manufacture and distribute goods, and lead to significant job loss.
Reliable methods for evaluating structural health are critical in streamlining the decision-making
process by classifying appropriate courses of action regarding maintenance, retrofit, or
replacement, and prioritize decision-making and inform budget allocation.
Traditional sensor-based structural health monitoring techniques are often cost-prohibitive and
impractical to implement for many classes of structures, including temporary structures,
transmission towers, communication towers, residential and commercial buildings, and industrial
chimneys. Practical applications of existing vibration-based damage detection methods have been
limited due to the difficulty of accurately modeling real structures given uncertainties in material
properties, support conditions, and variations in environmental and operational conditions.
Additionally, the computational expense required makes traditional techniques impractical for
real-time monitoring of civil engineering infrastructure.
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2. BACKGROUND
Failure of many civil infrastructure structures (e.g., cantilevered light support structures) can often
be attributed to fatigue. Sources most likely to induce vibration of high-mast luminaire structures
have been identified, including buffeting winds, vortex-shedding, and truck-induced wind gusts
(Chang et al., 2014; Giosan and Eng, 2013; Krauthammer, 1987; Zuo and Letchford, 2008).
Buffeting winds tend to create vibrations in the along-wind direction, while vortex-shedding and
truck-induced wind gusts create vibrations in the across-wind direction. Recent studies have shown
that damage to high mast luminaire structures is mostly due to structural fatigue – long-term windinduced vibrations accumulate fatigue damages and can ultimately result in cracking at high stress
locations (Dexter, 2002; Phares et al., 2007). Examples of recent reports of failure and cracking of
high mast luminaire structures include more than 20 lighting poles in Iowa in 2003 (Chang et al.,
2009) and approximately 140 aluminum lighting poles in Illinois in 2003 (Caracoglia and Jones,
2004). In both instances, special inspections were prompted due to unexpected failure during a
winter storm.
3. VIDEO MONITORING FRAMEWORK
In the absence of affordable, practical techniques, this study proposes a non-contact, nondestructive, fast, and cost-effective damage detection and load monitoring tool using video
recording footage obtained by monitoring cameras. This tool can be used to detect the existence,
location, and severity of damage, where damage is broadly defined as a change in the geometric
or material properties adversely affecting the system’s performance. Damage can occur as a result
of instantaneous loading (e.g., impact, blast, or seismic loads), or as the result of cyclic loading
(e.g., fatigue-induced cracking due to wind-induced or traffic-induced vibrations). Continuous
monitoring enables the identification of changes in dynamic behavior (i.e., damage) and need for
an appropriate inspection to be held.
Modern computer vision and video tracking techniques will be implemented to identify key feature
points and extract corresponding displacements from video recordings. Different sized motions
can be tracked, and damage features (e.g., strain-rotation relationships or varying instant effective
stiffnesses) can be extracted. A novel implementation of Blind Source Separation based on
Independent Component Analysis will be used to extract statistically independent components.
4. PROOF-OF-CONCEPT DEVELOPMENT
Existing experimental data from a five-story, full-scale building subject to applied seismic
excitation is explored to demonstrate proof-of-concept. The points in red in Figure 1a are
associated with instrument EL01E42 (M. C. Chen et al., 2016) for capturing relative displacement.
The relative displacements for the red points of the beam in Figure 1a were extracted using video
analysis for testing under Denali 100%. These displacements are then scaled considering the
reference distance (21 in) of the instrumentation. Figure 1b shows the comparison of scaled video
and experimental measurements. The relative displacement from the video reproduces the
experimental measurements relatively well with slight differences in the trend and peak values.
These differences could be attributed to the lack of correction for the shaking of the camera’s
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support, or the lack of the depth to calculate the displacements between the two three-dimensional
points with the video-measured two-dimensional data.

Figure 1. Beam in fixed base experiment under Denali 100%, tracking points for EL01E42 in red.

Multiple structures subject to wind loading will be monitored using the video-monitoring tool for
a period of months to obtain field-data, including tall, slender high-mast luminaires, industrial
masonry chimneys, and traffic and pedestrian bridges. These structures are depicted in Figure 2.

Figure 2. Structures for field monitoring: (a) High-mast luminaire; (b) Masonry chimney; (c) Pedestrian bridge.

These structures will be instrumented with accelerometers and crack monitoring devices to
validate the video monitoring tool’s accuracy of defect detection. The anticipated defects to be
observed include the development and propagation of cracks and fatigue due to cyclic loading as
summarized in Table 1. Monitoring these structures will provide a better understanding of their
dynamic properties (e.g., natural frequencies and mode shapes) and behavior under service and
extreme wind loading conditions.
Table 1. Summary of planned field-monitored structures.

Structure
High-mast luminaire
Masonry chimney
Pedestrian bridge

Measurements Taken
Accelerations
Accelerations, crack lengths
Accelerations
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Anticipated Defects
Fatigue
Fatigue, crack propagation
Fatigue
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